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Title of the Invention: Booster Circuit 
CLAIMS: 

1. A booster circuit for boosting a voltage input 
from an input terminal and outputting the boosted voltage 
from an output terminal by switching n individual switching 
elements ON/OFF, and switching a voltage applied to n 
individual capacitors on a side not connected to the 
switching elements from/to High-level/Low-level , the booster 
circuit comprising: 

n individual (n is an integer such that n>2 ) ) switching 
elements disposed between the input terminal and output 
terminal that do not actually boost the voltage connected in 
series in the order first switching element, second 
switching element nth switching element with the first 
switching element disposed on the input terminal side and 
the nth switching element disposed on the output terminal 
side; and 

n individual capacitors one terminal of which is 
connected to a ground having a standard potential and the 
other terminal of which is connected such that the terminal 
of the mth capacitor (m=l, 2, ...n-1) between the mth 
switching element and the (m+l) switching element, and the 
other terminal of the nth capacitor is connected to the 
output terminal side of the nth switching element; 

wherein, the mth switching element is OFF when the 

1 



voltage applied to the side of the mth capacitor that is not 
connected to the switching element is switched from low 
level to high level, and when the (m+l)th switching element 
is switched from OFF to ON; and the (m+l)th switching 
element is OFF when the voltage applied to the side of the 
mth capacitor that is not connected to the switching element 
is switched from high level to low level, and when the (mth 
switching element is switched from OFF to ON. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] [FIELD OF THE INVENTION] The present invention 
relates to a booster circuit for boosting and outputting an 
input voltage - 

[0002] [PRIOR ART] A first conventional example of a 
booster circuit is shown in Fig. 9. In the drawing, 1 refers 
to an input terminal, 2 refers to an output terminal, 3 
refers to a standard potential connection terminal, 4 refers 
to a clock input terminal, Dl and D2 refer to diodes, and CI. 
and C2 refer to capacitors; one terminal of the capacitors 
CI and C2 are respectively connected to the cathode side of 
the diodes Dl and D2 which are connected in series, and the 
other terminals of the capacitors CI and C2 are to the clock 
input terminal 4 and the standard potential connection 
terminal 3, respectively. 

[0003] The booster circuit having the above-mentioned 
structure operates in the manner described below when the 
input terminal 1 is connected to a power source voltage Vcc, 
the standard potential connection terminal 3 is connected to 
a ground potential, and a clock CLKl is applied to the clock 
input terminal 4, with high level being Vcc and low level 
being zero [0] . 
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[0004] First, when the clock CLKl is zero [0], a charge 
accumulates in the capacitors CI and C2 , respectively, and 
the potential at point Al is Vcc-Vf, and the potential at 
point Bl becomes Vcc-2Vf. Then, when the clock CLKl becomes 
Vcc, the potential at point Al becomes 2Vcc-Vf by the rule 
of capacitor charge conservation; however, the load 
accumulated by the capacitor CI is not discharged to the 
power source voltage Vcc side by the diode Dl, and soon the 
load accumulated by the capacitor CI moves to the capacitor 
C2 such that the point Al potential equals the point Bl 
potential plus Vf, thereby raising the potential of point Bl 
(the potential at point Al is reduced to less than 2Vcc-Vf ) . 
Thereafter, the potential at point Bl is maintained by the 
diode Dl even if the clock CLKl is zero [0] . In this way the 
potential of point Bl increases each time the clock rises, 
and approaches 2 (Vcc-Vf ) , such that a voltage 2 (Vcc-Vf ) is 
output from the output terminal (refer to Fig. 10) . 

[0005] A second example of a conventional booster 
circuit is shown in Fig. 11. In the drawing, 1 refers to an 
input terminal, 2 refers to an output terminal, 3 refers to 
a standard potent ial connection terminal, 4 refers to a 
clock input terminal, PI, P2, and P3 refer to p-channel MOS- 
type FETs (hereinafter referred to as pMOS) , Nl refers to an 
n-channel MOS-type FET (hereinafter referred to as nMOS) , 
and CI and C2 refer to capacitors. 

[0006] The pMOS PI and P2 are connected in series 
between the input terminal 1 and the output terminal 2 with 
the pMOS PI connected to the input terminal 1 and the pMOS 
P2 connected to the output terminal 2; the pMOS P3 and nMOS 
Nl are connected in series between the input terminal 1 and 
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the standard potential connection terminal 3 with the pMOS 
P3 connected to the input terminal 1 side and the nMOS Nl 
connected to the standard potential connection terminal 3 
side. Furthermore, the capacitor CI is connected between the 
connection point of the pMOS PI and the pMOS PI and the 
connection point of the pMOS P3 and the nMOS Nl; the 
capacitor C2 is connected between the output terminal 2 and 
the standard potential connection terminal 3. Moreover, the 
clock input terminal 4 is connected to the gates of the pMOS 
PI, P2, P3, and nMOS Nl; the connected to the gate of the 
pMOS PI is through an inverter circuit not shown in the 
drawing. 

[0007] In the booster circuit of the above-mentioned 
structure, the input terminal 1 is connected to a power 
source voltage Vcc, and the standard potential connection 
terminal 3 is connected to a ground potential, and the 
circuit works in the manner described below by applying a 
predetermined clock CLK 2 to the clock input terminal 4 . 

[0008] First, when the clock CLK2 is high level, the 
pMOS PI, and nMOS Nl are ON, and the pMOS P2 and P3 are OFF; 
a load accumulates in capacitor 01 and the potential at 
point A2 becomes Vcc. When the clock CLK2 is low level, the 
pMOS P2 and P3 are ON, and the pMOS PI and nMOS Nl are OFF; 
although the potential at point A2 rises to 2Vcc due to the 
load accumulated by the capacitor CI when the clock CLK2 is 
low level, the load accumulated in the capacitor CI soon 
moves to the capacitor C2 to equalize the potential of point 
A2 and the potential of point B2, and the potential at point 
B2 (voltage of capacitor C2) rises (the potential at point 
A12 is less than 2Vcc) . In this way the potential at point 
B2 rises each time the clock CLK2 becomes high level, and 



4 



approaches 2Vcc-AV0 (-AVO is described later) , such that a 

voltage 2Vcc-AV0 is output from the output terminal 2 (refer 
to Fig. 12) . 

[0009] [PROBLEMS THE INVENTION IS TO SOLVE] In the 
first conventional example of a booster circuit, the there 
is a loss of only that part of the voltage rise at the 
switching element (diode) (2Vf in the example) , however, the 
boost efficiency is poor. Furthermore, in the second 
conventional example of a booster circuit, since MOS FET are 
used as switching elements there is essentially no voltage 
drop at the switching elements (that is, the drop can be 
ignored) , however, the boost efficiency is as poor as the 
first conventional example of a boost circuit, and a loss of 
AVO is generated in the boost voltage. 

[0010] The reason for the generation of the loss AVO 
can be explained in that the pMOS PI and pMOS P2 are turned 
ON with mutually reverse phases, however, both are 
invariably turned ON simultaneously by the generated timing 
in the structure of the second conventional example, and at 
that time a current flows from the capacitor 02, which has 
been boosted above the power source voltage Vcc, through the 
pMOS P3 and PI to the input terminal 1 side connected to the 
power source voltage Vcc (That is, the load accumulated in 
the capacitor C2 is released) , such that the voltage of the 
capacitor C2 drops by that amount. 

[0011] Essentially, since all four transistors 
including not only the pMOS Pland P2 but also the pMOS P3 
and nMOS Nl are simultaneously turned ON by the generated 
timing and the accumulated load of the capacitor CI is also 
released, the voltage of the capacitor CI is less than Vcc 
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when the pMOS P2 and P3 are ON and the pMOS PI and nMOS Nl 
are confirmed OFF; and since the voltages at point A2 and 
point B2 cannot rise to 2Vcc, a loss of AVO or more is 
generated . 

[0012] In this way in a conventional booster circuit, a 
loss is generated in the boost voltage, and boost stages (a 
combination of one switching element and one capacitor) are 
provided as necessary to compensate for this loss, this 
provision being uneconomical and increasing the circuit 
area. 



[0013] An object of the present invention is to provide 
a booster circuit essentially without voltage loss and 
providing excellent boost efficiency. 

[0014] [MEANS FOR SOLVING THE PROBLEMS] The aforesaid 
object is achieved by providing a booster circuit for 
boosting a voltage input from an input terminal and 
outputting the boosted voltage from an output terminal by 
switching n individual switching elements ON/OFF, and 
switching a voltage applied to n individual capacitors on a 
side not connected to the switching elements from/to high 
level/low level, the booster circuit including n individual 
(n is an integer such that n>2 ) ) switching elements disposed 
between the input terminal and output terminal that do not 
actually boost the voltage connected in series in the order 
first switching element, second switching element nth 
switching element with the first switching element disposed 
on the input terminal side and the nth switching element 
disposed on the output terminal side; and n individual 
capacitors one terminal of which is connected to a ground 
having a standard potential and the other terminal of which 



is connected such that the terminal of the mth capacitor (m= 
1, 2, ...n-1) between the mth switching element and the 
(m+l) switching element, and the other terminal of the nth 
capacitor is connected to the output terminal side of the 
nth switching element; wherein, the mth switching element is 
OFF when the voltage applied to the side of the mth 
capacitor that is not connected to the switching element is 
switched from low level to high level, and when the (m-M)th 
switching element is switched from OFF to ON; and the 
(m-M)th switching element is OFF when the voltage applied to 
the side of the mth capacitor that is not connected to the 
switching element is switched from high level to low level, 
and when the (mth switching element is switched from OFF to 
ON- 

[0015] Looking at the two adjacent capacitors of the 
mth capacitor and the (m+l)th capacitor, and the two 
switching elements of the mth switching element and the 

(m+l)th switching element associated with these capacitors 
in the booster circuit of the structure above, the load is 
transferred from the first stage capacitor to the next stage 
capacitor ((m+l)th capacitor) by switching the voltage from 
low level to high level applied to the side of the first 
stage capacitor (mth capacitor) which is not connected to 
the switching element and switching the next stage capacitor 

((m+l)th capacitor) from OFF to ON, but since the first 
stage switching element (mth switching element) is OFF at 
this time, the load accumulated by the first stage capacitor 
is not released beyond the next stage capacitor. 

[0016] The transfer of the load from the first stage 
capacitor to the next stage capacitor is ended by switching 
from high level to low level the voltage applied to the side 
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of the first stage capacitor which is not connected to the 
switching element, switching the first stage switching 
element from OFF to ON, or switching the next stage 
switching element from ON to OFF; when the voltage switched 
from high level to low level is applied to the first 
capacitor on the side not connected to the switching 
element, and when the first switching element is switched 
from OFF to ON, the transfer of the load from the first 
stage capacitor to the next stage capacitor is ended after 
the next stage switching element is OFF, or only by the 
operation of switching the next stage element from ON to 
OFF, such that the load accumulated by the next stage 
switching element cannot flow in the reverse direction to 
the first capacitor or to the power source voltage side. 

[0017] According to the structure of the present 
invention described above, the voltage of the last stage 
capacitor (nth capacitor), that is, the output voltage of 
the booster circuit, is generated without loss to the boost 
voltage because when the boost source voltage (voltage 
applied to each capacitor on the side not connected to the 
switching element (difference between high level and low 
level) ) is designated Vcc, the voltage becomes nxVcc, and a 
voltage is obtained which is an integer multiple of the 
boost source voltage if the parasitic capacity and line 
resistance are ignored. 

[0018] [EMBODIMENTS OF THE INVENTION] The embodiments 
of the present invention are described hereinafter with 
reference to the drawings. Fig. 1 shows the structure of a 
first embodiment of the booster circuit of the present 
invention; 1 refers to an input terminal, 2 refers to an 
output terminal, 3 refers to a standard potential connection 
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terminal, 4 refers to a clock input terminal, 5 refers to a 
control circuit, PI and P2 are pMOS, CI and C2 are 
capacitors. In the first embodiment, the capacity of the 
capacitor CI is greater than or equal to the capacity of the 
capacitor C2 . 

[0019] The pMOS PI and P2 are connected in series 
between the input terminal 1 and the output terminal 2 with 
the pMOS PI connected to the input terminal 1 and the pMOS 
P2 connected to the output terminal 2. Furthermore, on end 
of the capacitor CI is connected to the junction point of 
the pMOS PI and the pMOS P2; and the capacitor C2 is 
connected between the output terminal 2 and the standard 
potential connection terminal 3. The control circuit 5 has 
one input terminal II, and three output terminals Oil, 012, 
013; the clock input terminal 4 is connected to the input 
terminal II, and the gates of the pMOS PI and P2 are 
connected to the output terminals Oil and 013, respectively; 
the side of the capacitor CI which is not connected to the 
junction point of the pMOS PI and pMOS P2, is connected to 
the output terminal 012. 

[0020] The structure of the control circuit is shown in 
Fig. 2- In the drawing, 51 and 54 refer to delay circuits 
configured by resistors and capacitors, 52 and 57 refer to 
OR circuits, 53 refers to a buffer circuit, and 55 and 56 
refer to inversion circuits. One of the two inputs of the OR 
circuit 52 is directly connected to the input terminal II, 
and the other input is connected through the delay circuit 
51 to the input terminal II, and the output is connected to 
the output terminal Oil. The input of the buffer circuit 53 
is connected through the delay circuit 51 to the input 
terminal II, and the output is connected to the output 
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terminal 012. One of the two inputs of the OR circuit 57 is 
connected to the output of the buffer circuit 53 through the 
delay circuit 54 and the inversion circuit 55, the other 
input is connected through the inversion circuit 56 to the 
input terminal II, and the output is connected to the output 
terminal 013. Furthermore, the difference between the high 
level output and the low level output of the buffer circuit 
53 is Vcc; in the following description, the high level 
output is Vcc and the low level output is zero [0]. 



[0021] According to the structure above, the 
input/output relationship of the control circuit 5 is such 
that when a single pulse is applied to the input terminal 
II, as shown in Fig. 3, the output from the output terminal 
Oil becomes high level simultaneously with the pulse rise, 
and becomes low level after the pulse falls and a delay time 
Tl has elapsed by the delay circuit 51; furthermore, the 
output from the output terminal 012 becomes high level (Vcc) 
after the pulse rises and a delay time Tl has elapsed by the 
delay circuit 51, and becomes low level (zero [0]) after the 
pulse falls and a delay time Tl has elapsed by the delay 
circuit 51; moreover, the output from the output terminal 
013 becomes low level after the pulse rises and a delay time 
Tl by the delay circuit 51 and a delay time T2 by the delay 
circuit 54 have elapsed, and becomes high level 
simultaneously with the pulse rise. 



[0022] The operation of the booster circuit shown in 
Fig. 1 provided with the control circuit 5 having the above 
mentioned structure when the input terminal 1 of is 
connected to the power source voltage Vcc, the standard 
potential connection terminal 3 is connected to a ground 
potential, and a predetermined clock CLK is applied to the 



10 



clock input terminal 4, is described below using Fig. 4. 

[0023] First, the output from the output terminal Oil 
of the control circuit 5 becomes high level simultaneously 
with the rise of the clock signal CLK, the piMOS PI is turned 
OFF, and the charging of the capacitor CI by the power 
source voltage- ends (at this time the voltage of the 
capacitor CI is Vcc) . Then, after a time Tl has elapsed, the 
output from the output terminal 012 of the control circuit 5 
becomes high level, and the potential at point S on the side 
of the capacitor CI that is not connected to the pMOS PI and 
pMOS P2 becomes high level (Vcc) , and the potential at point 
M at the junction of the pMOS PI and pMOS P2 is raised to 
2Vcc according to the rule of capacitor charge conservation. 

[0024] Next, after a time T2 has elapsed, the output 
from the output terminal 013 of the control circuit 5 
becomes low level, the pMOS P2 is turned ON, and the load 
moves between the capacitors CI and C2 so as to equalize the 
potential at point M ands the potential at point F on the 
side of the output terminal 2 of the capacitor C2; however, 
since the potential at point M is lower than the potential 
at point F at this time, the load travels from the capacitor 
CI to the capacitor C2, and the voltage of the capacitor C2 , 
that is, the potential at point F, rises. 

[0025] Then, the output from the output terminal 013 of 
the control circuit 5 becomes high level simultaneously with 
the fall of the clock signal CLK, the pMOS P2 is turned OFF, 
and the charging of the capacitor C2 (transfer of the load 
from the capacitor CI to the capacitor C2) ends. Next, after 
a time Tl has elapsed, the outputs from the output terminals 
Oil and 012become slow level, the pMOS PI is turned ON, the 
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potential at point S falls to low level (zero [0]), and the 
potential at point M is momentarily less than Vcc; however, 
the capacitor CI is quickly recharged by the power source 
voltage and restored to Vcc. 

[0026] In this way the potential at point F rises each 
time the clock signal CLK rises, and the output from the 
output terminal 2 is a total voltage of 2Vcc by the combined 
power source voltage Vcc which is the boost source voltage 
and the voltage Vcc applied to the capacitor on the side 
that is not connected to the switching element, such that a 
loss is not generated in the boost voltage. The reasons for 
this are described below. 



[0027] The load accumulated by the first capacitor is 
transferred to the next capacitor (capacitor C2) by setting 
the potential of the first stage capacitor (capacitor CI) on 
the side (point S) that is not connected to a switching 
element to high level and turning ON the next stage 
switching element (pMOS P2), but since the first stage 
switching element (pMOS PI) is confirmed OFF, the load 
accumulated by the first stage capacitor is not released 
beyond the next stage capacitor; furthermore, the transfer 
of the load from the first stage capacitor to the next stage 
capacitor ends by setting the potential of the first stage 
capacitor to low level on the side that is not connected to 
the switching element and turning On the first stage 
switching element, or turning OFF the next stage switching 
element; when the potential of the capacitor is set to low 
level on the side that is not connected to the switching 
element, and when the first stage switching element is 
turned ON, the load accumulated by the next stage capacitor 
does not flow in the reverse direction to the first stage 
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capacitor or the power source 
transfer of the load from the 
next stage capacitor was ended 
switching element . 



voltage side since the 
first stage capacitor to the 
by turning OFF the next stage 



[0028] Although the sequential relationship of the 
timing for setting the potential at point S to low level and 
the timing for turning ON the first stage switching element 
is the same as in the first embodiment, this relationship is 
not necessarily required inasmuch as the first stage 
switching element may be turned ON after the potential at 
the point S is set to low level, and the potential of the 
point S may be set to low level after the first switching 
element is turned ON . 



[0029] Similarly, the sequential relationship of the 
timing for setting the potential at point S to high level 
and the timing for turning ON the next stage switching 
element has the next stage switching element turn ON after 
the potential at point S is set to high level in the first 
embodiment, this relationship is not necessarily required 
inasmuch as the potential of the point S may be set to high 
level after the next switching element is turned ON, and the 
timing for setting the potential at the point S and the 
timing for turning ON the next switching element may be 
simultaneous . 

[0030] The structure of the booster circuit of a second 
embodiment of the present invention is shown in Fig. 5. In 
the booster circuit of the second embodiment, there are n 
{n>2) booster stages provided compared to just two booster 
stages in the first embodiment, and as a consequence the 
structure of the control circuit has been modified to switch 
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ON/OFF the switching elements and switch the voltage applied 
to the capacitor to the side that is not connected to the 
switching element. 

[0031] In Fig. 5, 1 refers to an input terminal 2 
refers to an output terminal, 3 refers to a standard 
potential connection terminal, 4 refers to a clock input 
terminal, 6 refers to a control circuit, PI, P2, P3, 
P4, . . .Pn refer to pMOS, and CI, C2, C3, C4, . . . Cn refer to 
capacitors- In the second embodiment, the capacity of the 
capacitor CI > the capacity of the capacitor C2,-..> the 
capacity of the capacitor Cn. 

[0032] The pMOS PI, P2 , P3, P4,...Pn are connected in 
series between the input terminal 1 and the output terminal 
2 in the sequence of pMOS PI, pMOS P2,...pMOS Pn, with the 
pMOS PI connected to the input terminal 1 side, and pMOS Pn 
connected to the output terminal 2 side. One end of the 
capacitor Cm (m=l, 2,...n-l) is connected to the junction 
point of the pMOS Pm and the pMOS Pm+1, and the capacitor Cn 
is connected between the output terminal 2 and the standard 
potential connection terminal 3. 

[0033] The control circuit 6 has one input terminal 12, 
and four output terminals Opo, Oco, Ope, Oce; the clock 
input terminal 4 is connected to the input terminal II, the 
gates of the odd numbered pMOS PI, P3, P5 and the like are 
connected to the output terminal Opo, the gates of the even 
numbered pMOS P2, P4, P6 and the like are connected to the 
output terminal Ope, the odd numbered capacitors CI, C3, C5 
and the like (excluding the last stage capacitor Cn) on the 
side that is not connected to the pMOS are connected to the 
output terminal Oco, and the even numbered capacitors C2, 



C4, C6 and the like (excluding the last stage capacitor Cn) 
are connected on the side that is not connected to the pMOS 
to the output terminal Oce . 

[0034] The structure of the contorl circuit 6 is shown 
in Fig. 6. In the drawing, 61 and 63 refer to delay circuits 
configured by resistors and capacitors, 62 refers to a 
buffer circuit, 64, 66, and 67 refer to inversion circuits, 
65 and 68 refer to OR circuits. The input of the buffer 
circuit 62 is connected to the input terminal 12 through the 
delay circuit 61, and the output, is connected to both the 
output terminal Oco, and to the output terminal Oce through 
the inversion circuit 64 . One of the two inputs of the two 
OR circuit 65 is connected to the output of the buffer 
circuit 62 through the delay circuit 63, and the other input 
is connected to the input terminal 12, and the other output 
is connected to the output terminal Opo. furthermore, one of 
the two inputs of the OR circuit 68 is connected to the 
output of the buffer circuit 62 through the delay circuit 63 
and inversion circuit 66, and the other input is connected 
to the input terminal 12 through the inversion circuit 67, 
and the output is connected to the output terminal Ope. 
Similar to the first embodiment, the output of the buffer 
circuit 62 has a difference Vcc between the high level 
output and the low level output, and in the following 
description the high level output is Vcc and the low level 
output is zero [0]. 

[0035] According to the structure mentioned above, the 
input/output relationship of the control circuit 6 is such 
that when a single pulse is applied to the input terminal 
12, as shown in Fig. 7, the output from the output terminal 
Opo becomes high level simultaneously with the pulse rise. 
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and becomes low level after the pulse falls and a delay time 
(T1+T2) has elapsed by the delay circuits 61 and 63. 
Furthermore, the output from the output terminal Oco becomes 
high level (Vcc) after the pulse rises and a delay time Tl 
has elapsed by the delay circuit 61, and becomes low level 
(zero [0]) after the pulse falls and a delay time Tl has 
elapsed by the delay circuit 61. Moreover, the output from 
the output terminal Ope becomes low level after the pulse 
rises and a delay time (T1-I-T2) has elapsed by the delay 
circuits 61 and 63, and becomes high level simultaneously 
with the pulse fall. The output from the output terminal Oce 
becomes low level (zero [0]) after the pulse rises and a 
delay time Tl has elapsed by the delay circuit 61, and 
becomes high level (Vcc) after the pulse falls and a delay 
time Tl has elapsed by the delay circuit 61. 

[0036] The operation of the booster circuit shown in 
Fig. 5 having the control circuit 6 with the previously 
described structure is described below using Fig. 8 when the 
input terminal 1 is connected to a power source voltage Vcc, 
the standard potential connection terminal 3 is connected to 
a ground potential, and a predetermined clock signal CLK is 
applied to the clock input terminal 4. To simplify the 
drawing. Fig. 8 shows the potential at each point and the 
operating condition of each part when n=3 . 

[0037] First, the output from the output terminal Opo 
of the contorl circuit 6 becomes high level simultaneously 
with the rise of the clock CLK, the odd numbered pMOS P2k-1 
(where k is a natural number) are turned OFF, and the 
charging of the odd numbered capacitors C2k-1 (charging of 
the capacitor CI by the power source voltage and transfer of 
the loads from the even numbered capacitors C2k to the odd 
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numbered capacitors C2k:+1) ends. 

[0038] The output from the output terminal Oco of the 
control circuit 6 becomes high level after a time Tl has 
elapsed, and the potential of the odd numbered capacitors 
C2k-1 at point S2k-1 on the side that is not connected to 
the pMOS becomes high level (Vcc) , and by the rule of 
capacitor charge conservation the potential of the odd 
numbered capacitors C2k-1 at point M2k-1 on the side that is 
not connected to the pMOS rises by Vcc. Furthermore, the 
output from the output terminal Oce of the contorl circuit 6 
becomes low level and the potential of the even numbered 
capacitors C2k at point S2k on the side that is not 
connected to the pMOS becomes low level (zero [0]), and by 
the rule of capacitor charge conservation, the potential of 
the even numbered capacitors C2k at the point M2k on the 
side that is not connected to the pMOS is reduced by Vcc. 

[0039] After a time T2 has elapsed, the output from the 
output terminal Ope of the control circuit 6 becomes low 
level, and the even numbered pMOS P2k are turned ON, and the 
load travels between the capacitors C2k-1 and C2k so as to 
equalize the potential at point iyi2k and the potential at 
point M2k-1; since the potential at point M2k-1 is higher 
than the potential at point M2k in the present embodiment, 
the load travel from the capacitor C2k-1 to the capacitor 
C2k, and the voltage of the capacitor C2k, that is, the 
potential at point M2k, rises. 

[0040] Then, the output from the output terminal Ope of 
the control circuit 6 becomes high level simultaneously with 
the fall of the clock signal CLK, the even numbered pMOS P2k 
are turned OFF, and the charging of the even numbered 
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capacitors C2k (transfer of the load from the odd numbered 
capacitors C2k-1 to the even numbered capacitors C2k) ends. 

[0041] Then, after a time Tl elapses, the output from 
the output terminal Oce of the control circuit 6 becomes 
high level, and the potential at point S2k becomes high 
level, and the potential at point M2k rises by Vcc according 
to the rule of capacitor charge conservation. Furthermore, 
the output from the output terminal Oco of the control 
circuit 6 become low level, the potential at point S2k-1 
becomes low level (zero [0]), and the potential at point 
M2k-1 falls by Vcc according to the rule of capacitor charge 
conservation . 

[0042] Then, after a time T2 elapses, the output from 
the output terminal Opo of the control circuit 6 becomes low 
level, the odd numbered pMOS P2k-1 are turned ON, and the 
load travels between capacitors C2k and C2k+1 so as to 
equalize the potential at point M2k and the potential at 
point M2k+1; however, since the potential at point M2k is 
higher than the potential at point M2k+1 in the present 
embodiment, the load travel from the capacitor C2k to the 
capacitor C2k+1, and the voltage f the capacitor C2k+1, that 
is, the potential at point M2k+1, rises. The capacitor CI is 
also charged by the power source voltage, and its voltage is 
restored to Vcc. 

[0043] In this way the potential at point M2k rises 
each time the clock signal CLK rises, and approaches 2kxVcc; 
furthermore, the potential at point iy[2k+l rises each time 
the clock falls, and approaches (2k+l)xVcc; The voltage of 
the last stage capacitor Cn becomes nxVcc, that is, a 
voltage is obtained which is an integer multiple of Vcc the 
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boost source voltage from the output terminal 2, and there 
is no loss of boost voltage if the parasitic capacity and 
line resistance is ignored. The reason for this is described 
below. 



[0044] Looking at two adjacent capacitors and the two 
switching elements of the associated with these capacitors, 
the load is transferred from the first stage capacitor to 
the next stage capacitor by switching the voltage from low 
level to high level applied to the side of the first stage 
capacitor which is not connected to the switching element 
and switching the next stage capacitor from OFF to ON, but 
since the first stage switching element is OFF at this time, 
the load accumulated by the first stage capacitor is not 
released beyond the next stage capacitor; furthermore, the 
transfer of the load from the first stage capacitor to the 
next stage capacitor is ended by switching from high level 
to low level the voltage applied to the side of the first 
stage capacitor that is not connected to the switching 
element, switching the first stage switching element from 
OFF to ON, or switching the next stage switching element 
from ON to OFF; when the voltage switched from high level to 
low level is applied to the first capacitor on the side not 
connected to the switching element, and when the first 
switching element is switched from OFF to ON, the transfer 
of the load from the first stage capacitor to the next stage 
capacitor is ended after the next stage switching element is 
OFF, or only by the operation of switching the next stage 
element from ON to OFF, such that the load accumulated by 
the next stage switching element cannot flow in the reverse 
direction to the first capacitor or to the power source 
voltage side. 
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[0045] The relationship of the capacities of the 
capacitors in the second embodiment may be capacity 
capacitor CI < capacity capacitor C2 <...< capacity of 
capacitor Cn if efficiency is not a consideration. 



[004 6] [EFFECT OF THE INVENTION] As described above the 
booster circuit of the present invention has an output 
voltage which is an integer multiple of the boost source 
voltage and does not generate any loss of the boost source 
voltage, thereby providing extreme boost efficiency. 
Accordingly, economies are derived in that boost stages are 
not provided in excess of what is necessary, and the circuit 
area is small, such that the device is less expensive and 
more compact . 

[BRIEF DESCRIPTION OF THE DRAWINGS] 



Fig. 1 shows the structure of a booster circuit of a 
first embodiment f the present invention; 

Fig. 2 shows the structure of the contorl circuit 5; 

Fig. 3 illustrates the input/output relationship of the 
control circuit 5; 

Fig. 4 shows the movement of the potential at each 
point and the operating condition of each part when the 
power source voltage Vcc is connected to the input terminal 
1, the standard potential connection terminal 3 is connected 
to a ground potential, and a clock CLK is input to the clock 
input terminal 4 in the booster circuit in the first 
embodiment of the present invention; 

Fig. 5 shows the structure of the booster circuit of a 
second embodiment of the present invention; 

Fig. 6 shows the structure of the control circuit 6; 

Fig. 7 illustrates the input/output relationship of the 
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control circuit 6; 

Fig. 8 shows the movement of the potential at each 
point and the operating condition of each part when the 
power source voltage Vcc is connected to the input terminal 
1, the standard potential connection terminal 3 is connected 
to a ground potential, and a clock CLK is input to the clock 
input terminal 4 in the booster circuit in the second 
embodiment of the present invention; 

Fig. 9 shows a first conventional example of a booster 
circuit ; 

Fig. 10 shows the movement of the potential at each 
point and the operating condition of each part when the 
power source voltage Vcc is connected to the input terminal 
1, the standard potential connection terminal 3 is connected 
to a ground potential, and a clock CLK is input to the clock 
input terminal 4 in the booster circuit in the first 
conventional example ; 

Fig. 11 shows a second conventional example of a 
booster circuit ; 

Fig. 12 shows the movement of the potential at each 
point and the operating condition of each part when the 
power source voltage Vcc is connected to the input terminal 
1, the standard potential connection terminal 3 is connected 
to a ground potential, and a clock CLK is input to the clock 
input terminal 4 in the booster circuit in the second 
conventional example . 

[DESCRIPTION OF THE REFERENCE NUMNBERS] 

1) Input terminal 

2) (. Output terminal 

3) Standard potential connection terminal 

4) Clock input terminal 
5, 6) Control circuit 
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PI, P2,...Pn) p-channel MOS-type FET 

CI, C2,.-.Cn) Capacitors 

51 , 5.4 ) Delay circuit 

52, 57) OR circuit 
53) Buffer circuit 

55, 56) Inversion circuit 

61, 63) Delay circuit 

62) Buffer circuit 

64, 66, 67) Inversion circuit 

65, 68) OR circuit 
Dl, D2) diode 

Nl) n-channel MOS-type FET 
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